The phenomenological liquid drop properties of hemispheroidal oblate and prolate metallic clusters are studied. The interaction between the cluster and the planar suport is simulated by changing the value of the surface tension of the circular contact surface. The multiplication factor, i, takes values in the interval (-1.98,2). Typical results of equilibrium shapes are: hyperdeformed prolate hemispheroid (c/a = 2.9); superdeformed prolate hemispheroid (c/a = 1.9), hemisphere (c/a = 1); superdeformed oblate hemispheroid (a/c = 2), and hyperdeformed oblate hemispheroid (a/c = 3) for i = 2, 1, 0, -0.58, -0.76, respectively.
INTRODUCTION
The delocalized conduction electrons of neutral small metallic clusters form a Fermi liquid like the atomic nucleus [1] . Consequently the liquid drop model (LDM) developed by lord Rayleigh [2] , was successfully adapted to nuclear clusters [3] . The N. Bohr's variant of the LDM dominated for many decades the theory of nuclear fission [4] , starting with the explanation, given in 1939 by Lise Meitner and O. Frisch, of the induced fission, discovered by O. Hahn and F. Strassmann. We used the LDM to develop the analytical superasymmetric fission model allowing to predict in 1980 heavy particle radioactivity.
For the ground state properties of neutral clusters or the fission of doubly or multiply charged clusters [5] [6] [7] [8] , the LDM [9] [10] [11] [12] [13] expresses the smooth part of the total energy to which the shell corrections [14, 15] may be added within macroscopic-microscopic theory [16, 17] . Assuming spherical symmetry, the cluster radius for monovalent metals is 1 3 0 . s R r N The Wigner-Seitz radius, r s , is the radius of a sphere of the same volume as the volume per particle. The energy of a metallic crystal is expressed as a sum of volume, surface and curvature terms
where D, V, J are intrinsic volume, surface, and curvature energies and 1 * is the local curvature of surface-area element dA.
The nanostructured coating of surfaces by cluster deposition [18, 19] is a rapidly growing field. One of the great advantage of atomic cluster physics [20, 21] is the possibility to observe the shape of a cluster by using the scanning tunneling microscope (STM), invented in 1981 by Gerd Binnig and Heinrich Rohrer at IBM Zürich (Nobel Prize 1986). By analyzing some prolate shapes of cluster deposited on a surface obtained by using STM or Atomic Force Microscope (AFM) [22, 23] , one can see that a hemispheroid with the z axis of cylindrical symmetry oriented perpendicularly on the surface plane may be a good approximation. In all LDM studies published until now, both in nuclear and atomic cluster physics, the most stable shape (minimum deformation energy) was a sphere. For the first time, we found the surprising result [24] [25] [26] that the superdeformed prolate hemispheroid is in this case the equilibrium shape.
We investigated the stability of hemispheroidal shapes by assuming, as a first approximation of one possibility which can be met in practice, a vanishing interaction energy with the surface on which the cluster is deposited, so that the neutral atomic cluster may be considered to be free. Our choice is motivated by the fact that the corresponding shell model [27, 28] allows to obtain analytical formulae for the single-particle energies.
We may learn how to deal with the interaction energy of the cluster and the suport surface from the behavior of water drops falling on a surface (e.g. of a car windscreen). In contact with a solid the liquid behavior depends on the surface tension V and the attractive forces between the molecules of the liquid and of solid. If an H 2 O molecule is more strongly attracted to its own kind, then V will dominate, increasing the curvature of the interface. A clean glass surface has -OH groups which attach to water molecules through hydrogen bonding; this causes the water to wet the surface. A detergent added to water reduces the surface tension. In the present work the interaction with surface will be taken into account by changing the surface tension of the contact circular area. In this way it will be possible to give a qualitative explanation for oblate equilibrium shapes [29, 30] as well. Calculations concerning the Ar clusters deposited on planar surfaces have been recently performed [31] .
SHAPES WITH AXIAL SYMMETRY
We are using the standard notation of (U, z) for the axially symmetric dimensionless cylindrical coordinates. When the shape is a hemispheroid, the length scale is given by the radius of a sphere with the same volume,
in which N is the number of atoms, r s is the Wigner-Seitz radius (2.117 Å for Na [32, 33] ) and U = U(z) is the surface equation of a hemispheroid with semiaxes a and c. Volume conservation leads to a 2 c = 1.
It is convenient to choose [15] the deformation parameter G defined by
The eccentricity is defined by the equation
The deformation energy with respect to hemispherical shape of a neutral cluster is expressed as
where for a hemisphere one has [32] by fitting the extended Thomas-Fermi local density approximation total energy [34] for spherical shapes. The liquid drop part of the binding energy of Na hemispherical clusters will be in eV: The area of a surface of revolution about z axis
The deformation-dependent surface energy for cylindrical symmetry 
The local curvature 
because the principal radii of curvature of a shape with axial symmetry [35] are expressed as
leading to the eq. (8).
SIMULATING THE INTERACTION WITH THE SUBSTRATE
We would like to simulate the interaction energy of a deposited hemispheroidal atomic cluster with the surface by changing the value of the surface tension of the base contact surface with an area S 2 2 base s S a R from V to iV, where i is a real number taking values in the interval (-1,98, 2); it may be called the interaction factor. For i = 1 we obtain the hemispheroidal case previously studied [24] . The surface energy of such a hemispherical cluster is obtained by adding the external surface contribution to that of the circular base 
To the curvature energy of a hemisphere there is no contribution coming from the base since the curvature of a planar surface is zero 
The deformation energy with respect to hemispherical shape of a neutral cluster is expressed as 
where we used the volume conservation 2 1 a c . By changing the surface tension of the base we get 
When the interaction energy produces an increse of the surface tension, V, of the hemispherical base area (i > 1) the cluster deposited on the surface is less bound. On the contrary, for i d 1 the effect of the interaction energy is to increase the binding and consequently the stability of the deposited cluster.
When a > c (oblate hemispheroid) and 2 2 2 1, e a c and by using the Ref. [36] we obtain
Independent on the oblate or prolate shape 
There is an essential difference between the spheroidal and hemispheroidal shapes of a cluster with N = 56 atoms; in the former case the most stable configuration is a sphere, but in the latter it can be a highly deformed oblate or prolate hemispheroid as can be seen in Figs. 1-5 , where the LDM deformation energy is plotted against deformation G for different interaction factors i in the range -0.76, 2. The equilibrium shapes correspond to the minima of deformation energy, mainly determined by the surface energy; the curvature energy represents a small contribution.
From Figs N) are showing the general trend of stability of hyperdeformed oblate semispheroid, superdeformed oblate semispheroid, hemisphyere, superdeformed prolate semispheroid, and hyperdeformed prolate semispheroid, for i = -0.76, -0.580, 1, and 2, respectively, almost independent of the number of atoms in the cluster.
In conclusion, we continued our previous study of neutral, free hemispheroidal clusters, as a 1st approximation to study cluster deposition on a surface. In this way we could obtain analytical results for the surface and curvature deformation energy. They are easily interpreted and need a very short computer running time. Within the LDM the most stable shape is a superdeformed prolate hemispheroid, which is one of the experimentally observed shape with STM or AFM. The interaction with the substrate was simulated by multiplying the surface tension of the base with a real number i = interaction factor. In this way we obtained a great variety of equilibrium shapes spanning the whole range of experimental results: oblate hyperdeformed hemispheroid (G = -1, 
